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5.1 INTRODUCTION 
              
Structural health monitoring (SHM) is a technique to diagnose an 
accurate and reliable condition of civil infrastructure by collecting and analyzing 
responses from distributed sensors. In recent years, aging civil structures have 
been increasing and they require further developed SHM technology for 
development of sustainable society. Wireless smart sensor and network 
technology, which is one of the recently emerging SHM techniques, enables 
more effective and economic SHM system in comparison to the existing wired 
systems. Researchers continue on development of the capability and extension 
of wireless smart sensors, and implement performance validation in various in-
laboratory and outdoor full-scale experiments.[1] the uses of wireless smart 
sensors has been contributing to the progress of SHM these past years. But the 
uses of it are still being investigated by the researchers to utilize it to its 
possible fullest capability. 
 
5.2 STRUCTURAL HEALTH MONITORING OF WIND TURBINE BLADES 
 
Structural health monitoring (SHM) is important for reducing the 
maintenance and operation cost of safety-critical components and systems in 
offshore wind turbines.[2] but using SHM for these wind turbine blades has its 
own challenges considering that the turbines are always placed at remote areas 
which are less in accessibility especially during extreme weather condition. So 
even SHM can be able to monitor the structural health of the wind turbines 
continuously by detecting abnormal changes in the structural health but those 
challenges may hindered it to do so since the most important thing for SHM to 
be able to function is its accessibility. 
  
 This has motivated  the proposal of an in situ SHM system for wind 
turbine blades based on the integration of wireless sensor networks (WSNs) 
and acoustic emission (AE) technology. AE is a passive technique that can be 
applied to locate and assess complex composite structures.  For wind turbine 
blade, the AE allows the investigation of defects in their structure under wind 
load while the wind turbine is in service. In addition, most types of blade failure 
cause detecTable AE waves, including crack initiation and growth and crack 
opening as well as closure.[2] 
              WSNs provide an ideal means for sending AE sensing data to a remote 
control unit[2]. However there are several problems for this.  A considerable 
amount of AE sensors are needed for the large size of the wind turbine blades 
for it to achieve full coverage.  Then that makes the generation of enormous 
amounts of sensing data which would overload the resources of WSNs in terms 
of data transmission and memory spaces.  Figure 5.1 shows the proposed 
models of AE and WSN unit. 
 
 
 
Figure 5.1 :  Proposed Models of AE and WSNs unit 
 
5.3 DISTRIBUTED SENSOR NETWORKS FOR HEALT MONITORING OF CIVIL 
INFRASTRUCTURES 
             
SHM systems have been optimized to cover wide areas as well as 
focus on specific “hot-spots” for both metallic and composite structures. They 
can be conFigured to monitor adverse “changes” such as fatigue cracks, 
corrosion, delamination, loose bolts, or impact damage either in real-time or 
on demand[3]. 
             SHM systems have contributed many things to the structural structures 
and constructions.  It can monitor the adverse changes such as fatigue cracks, 
corrosion, delamination, loose bolts or impact damage either in real-time or 
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when it is needed to be known.  This indirectly can reduce inspection costs as 
all the mishap can be detect immediately and early action to prevent it to be 
worse can be taken.  Others benefits include minimizing preventative 
maintenance, increasing asset availability and extending remaining useful life 
of structures.  Future benefits could include using SHM data to improve design-
margin efficiency for lighter-weight structures, facilitating structural 
certification and/or quality assurance and dynamically controlling operating 
envelopes[3]. 
 
5.4 STRUCTURAL HEALTH MONITORING FOR BRIDGE STRUCTURES USING 
SMART SENSORS 
 
There are many challenges in applying existing SHM method to bridge 
structures.  While most SHM algorithms require both input and output 
measurements, measuring input excitation is quite difficult in general due to 
the distributed and random nature of the bridge loading. Thus, research on 
SHM algorithms has emphasized the use of ambient vibration data[4]. 
             The number of sensors is also a challenge.  The number of the sensors in 
an installation is limited, the cost, data acquisition systems and systems 
installation must be taken into accounts.  But usually the available budget will 
be limited. 
             This is why wireless smart sensors (WSS) are introduced.  It offers a 
solution for long-term, scalable SHM of civil infrastructure by providing easier 
installation and efficient data management at lower cost that the traditional 
wired monitoring systems.  WSS possesses multiple sensors with considerable 
affordable cost if compared to the traditional wired sensors.  
 
Damage definition in civil infrastructure. 
 
𝐷 =
𝐴
𝐴𝑜
, 0 ≤ 𝐷 ≤ 1 
 
Where, 𝐴𝑜 is the cross-sectional area of the undamaged bar and 𝐴 is the cross-
sectional area of the damaged bar. 
Damage is typically categorized as either linear or nonlinear.  A linear 
damage is defined as the case when the initially linear-elastic structure remains 
linear-elastic after damage, while nonlinear damage corresponds to the 
situation when the initially linear-elastic structure behaves in a nonlinear 
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 manner after the damage has been introduced[4].  Figure 5.2 shows the 
damage representation. 
 
 
Figure 5.2 :  Damage Representation 
 
5.5 RESULTS & DISCUSSIONS 
             
Basically wireless smart sensors (WSS) are very useful to help 
structural health monitoring (SHM) to function well. SHM systems have been 
optimized to cover wide areas as well as focus on specific “hot-spots” for both 
metallic and composite structures. They can be conFigured to monitor adverse 
“changes” such as fatigue cracks, corrosion, delamination, loose bolts, or 
impact damage either in real-time or on demand. Immediate benefits of SHM 
include drastically reducing inspection costs, minimizing preventative 
maintenance, increasing asset availability, and extending remaining useful life 
of structures. Future benefits could include using SHM data to improve design-
margin efficiency for lighter weight structures, facilitating structural 
certification and/or quality assurance, and dynamically controlling operating 
envelopes. Over the past few years, there has been rapid development of SHM 
technique; many smart sensors and intelligent algorithms have been developed. 
Advances in sensing technologies have also enabled the use of large numbers 
of sensors for health monitoring of civil infrastructures.  The sensors utilized in 
a SHM system are required to monitor not only the structural status including 
stress, displacement, and acceleration, but also those influential environmental 
parameters, such as wind speed, temperature, and the quality of its foundation. 
Since a large-scale sensor network needs to be involved in a SHM system, how 
to deploy it in a complicated, spatially extended structure and the resulting 
best identification of structural characteristics by the data acquired from those 
locations will be challenging tasks. 
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